The use of Stainer-Scholte broth supplemented with (2,6-O-dimethyl)p-cyclodextrin (heptakis) for the isolation of Bordetella pertussis from clinical specimens was evaluated with 3,632 nasal swabs from children and adults with suspected whooping cough or from their family contacts. The liquid enrichment medium was subcultured on charcoal agar with 10% defibrinated horse blood. Charcoal agar and soft charcoal agar served as the standard procedure to detect B. pertussis. We isolated 772 strains of B. pertussis (21%). Charcoal agar alone detected 87% of all strains (n = 668), soft charcoal agar grew 78% (n = 602), and 637 strains (83%) were isolated when Stainer-Scholte broth with heptakis was used. We detected 590 isolates with all three media. Whereas 65 strains grew only on charcoal agar, 27 strains were detected by soft charcoal agar. Supplemented Stainer-Scholte broth allowed the isolation of an additional 77 strains which did not primarily grow on charcoal media (P < 0.05). Our data indicate that'Stainer-Scholte medium supplemented with heptakis can be effectively used as an enrichment medium for detection of B. pertussis in clinical specimens.
Isolation of Bordetella pertussis from clinical material can be performed effectively with the original medium of Bordet and Gengou (BG medium) which was described in 1906 (2) . Additionally, different charcoal media are frequently used (5, 8, 9, 11, 15) . In 1970, Stainer and Scholte (13) described a synthetic liquid medium for the culturing of B. pertussis (SS medium), which is now widely used for vaccine preparation. Growth of B. pertussis in SS medium, however, could be achieved only when large bacterial inocula were used. Imaizumi and co-workers (6, 7) found that growth and toxin production of B. pertussis in SS medium could be significantly increased by heptakis(2,6-O-dimethyl)p-cyclodextrin. Heptakis was furthermore shown to be capable of reducing the size of the inoculum needed to facilitate growth of B. pertussis (6) .
Since we thought that this medium might be useful in isolating B. pertussis from clinical specimens, we attempted to evaluate whether a modified SS medium could be used effectively in routine bacteriology of whooping coueh in an endemic area such as the Federal Republic of Germany.
MATERIALS AND METHODS Swabs. Nasal swabs were taken from children and adults with suspected whooping cough or from their family contacts. The swabs were made of calcium alginate which was attached to a thin, flexible drilled wire. Ready-made Amies medium with charcoal served as a transport medium (MAST-Diagnostika, Hamburg, Federal Republic of Germany). Preliminary experiments had shown that Amies medium with charcoal yielded isolation rates similar to those of Regan and Lowe medium (11) (8, 14) and then onto a blood agar plate (Oxoid, Wesel, Federal Republic of Germany) with 10% defibrinated sheep blood. The swabs were then immersed in soft charcoal agar (CB) (Oxoid CM 119; 0.25 x with 10% defibrinated horse blood and 40 ,ug of cephalexin per ml) made as described by Regan and Lowe (11) .
Finally, the swabs were immersed in SS broth (13) composed as described below and containing in addition 1 g of heptakis (Tejin Chemicals, Tokyo, Japan; also available from Sigma Chemical Co., St. Louis, Mo.) (6) . SS broth was prepared by mixing 1,000 ml of basal medium (10.71 g of glutamic acid, 0.24 g of proline, 2.50 g of NaCI, 0.50 g of KH2PO4, 0.20 g of KCI, 0.10 g of MgCl2, 0.02 g of CaCl2,
1.52 g of Tris dissolved in double-distilled water) and 10 ml of supplement (4.00 g of L-cysteine dissolved in 120 ml of 1 N HCI with subsequent'addition of double-distilled water to 1,000 ml and 1.00 g of ferrous sulfate (heptahydrate), 2 In preliminary experiments, different media were compared to choose a solid medium and an enrichment medium for routine culture. Self-made BG medium (BG1), readymade BG medium (BG2; Oxoid), SS broth without heptakis (SS1), Stainer-Scholte agar (1.5% agar; Oxoid) (SA1), and SAl with 1 g of heptakis per liter (SA2) were used together with the other media described above.
Stock cultures from 30 strains of B. pertussis which had been isolated from clinical material were plated onto CH without antibiotics. One colony of each strain was immersed in 2 ml of SS broth with heptakis and incubated for 48 h at 37°C. One loopful (5 ,ul) was streaked onto solid medium or immersed in liquid medium. Reading of plates and subculturing of liquid medium were performed as described above.
Statistical evaluation. Statistical evaluation was done by the chi-square test.
RESULTS
Internal evaluation. Thirty clinical isolates of B. pertussis were grown on different media to allow preselection before the clinical evaluation. Table 1 shows the results of this initial comparison. CH was equivalent to self-made BG medium but superior to ready-made BG medium and both SAl and SA2.
A comparison of the three enrichment media showed that CB and SS2 were equivalent but that both were superior to SS1.
As a consequence, on the basis of these data and in accordance with previously published observations ( Table 3 shows the lengths of time needed for B. pertussis and B. parapertussis isolation on the different media. Compared with the data of Table 1 , no significant differences were found. Since the mean time between collection of the swabs and their arrival in the laboratory was less than 24 h, we were able to use a transport medium without antibiotics. Table 4 summarizes the cultivation of other potentially pathogenic bacteria from the nasal swabs. As expected, pneumococci, Haemophilus influenza, Staphylococcus aureus and beta-hemolytic streptococci made up more than 95% of all possibly pathogenic isolates apart from B. pertussis. The remainder consisted of monocultures of Pseudomonas spp., Enterobacteriaceae, and Candida spp.
DISCUSSION
As long as 82 years after the original Bordet and Gengou paper (2), the medium which they described is still one of the most effective means of isolating B. pertussis from clinical material. Growth of B. pertussis is inhibited by unsaturated which was primarily intended for mass culture of large inocula and is used mainly for vaccine production (13).
Imaizumi and co-workers reported that growth of B. pertussis and production of exotoxins in SS medium can be significantly increased when heptakis is added (6, 7) . In accordance with the data of Stainer and Scholte (13) and Imaizumi et al. (6), we found that large inocula were needed for unsupplemented SS broth but that addition of heptakis facilitated isolation from small inocula significantly. Preliminary experiments showed furthermore that SS broth with heptakis subcultured on CH yielded better results than SS agar with heptakis. These data (Table 1) are also in accordance with findings of Aoyama and co-workers (1), who showed that SS agar with heptakis is superior to ready-made BG medium.
Consequently, we evaluated SS broth with heptakis for its ability to grow B. pertussis and B. parapertussis from clinical specimens. Sensitive and simple methods to detect B. pertussis are especially needed in nonvaccinating countries such as the Federal Republic of Germany.
We evaluated SS broth with more than 3,600 clinical specimens and found that SS broth supplemented with heptakis facilitated the isolation of 65 strains (6%) which were not detected by either CH or CB.
Our data indicate that, in addition to the routine procedure of isolating B. pertussis (3, 10) , SS broth supplemented with heptakis can effectively increase the isolation rate of B. pertussis from clinical specimens. Finally, our data suggest that the use of an antibiotic-free transport medium may allow frequent isolation of other potentially pathogenic microorganisms from nasopharyngeal swabs. However, this seems feasible only when a short transport time can be guaranteed.
Furthermore, these findings need to be validated in additional comparative studies.
